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Introduction.
In recent years researchers have become quite active in a traditionally explored field of chemistry, thermodynamics of interfaces. This concerns the study of systems such as microemulsions, water solutions of amphiphilic substances, and biological membranes. The classical approach to the description of interfaces developed by Gibbs [1] and followed by others [2] [3] [4] [5] [6] [7] [8] involves the concept of force factors, namely the Gibbs surface tension and two moments, Ci and C2. The interface shape is described in terms of the Gibbs dividing surface, a normal to which in every point coincides with the density gradients of the system components (as well as other thermodynamics quantities). According to this approach, the variations of the Helmholtz free energy of a piece of an interface may be described as where T is the absolute temperature ; g is the chemical potential of the i-th component ; SS and nsi are the excesses of entropy and the amount of the i-th component, determined with
Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphys:01990005106055900 respect to the Gibbs dividing surface ; A is the area of the considered piece of interface ; J is the sum of principal curvatures hereafter referred to as the mean curvature ; K is the product of principal curvatures to be referred to as the Gaussian curvature. Let us emphasize that extensive quantities in expression (1) have the meaning of differential quantities describing a piece of interface.
The force factors were postulated by Gibbs. However, within an approach involving assumptions of local thermodynamics, the force factors may be expressed in terms of the components of a microscopic pressure tensor [2, 3, [6] [7] [8] [9] [10] [11] . In this case the interface is regarded as a continuous layer, with the pressure tensor being specified in every point.
In describing classical capillary systems in which the surface tension yG is high, the dependence of the force factors on deformation may be neglected. The systems belonging to another class (interfaces with the surfactant-containing microemulsions ; films of amphiphilic substances making up such structures as e.g. lipid mesophases and biological membranes) have a very low surface tension [12] . For [13] . A biological membrane whose bulk is the lipid bilayer forms the cell envelope and largely dictates the cell shape [14] . An [15, 16] of the studies of interface stability. One paper [15] (6) and (7) (6)- (9) were obtained on the basis of [9] assuming the membrane thickness h to be much less than the radius of curvature ro. In equations (6)- (9) the terms of a higher order than (h/ro)2 were disregarded.
Let us consider a minor deformation of a spherical interface. This deformation may be assumed to be axially symmetrical, and the interface shape may be described by the function ( Fig. 1 (1), (3)- (5) an elementary work applied to the deformed part of an interface and required for its further deformation is equal to The last term in equation (14) is the work applied to the bulk phases, whereas AP is equal to the difference between pressure values for the sphere interior and environment.
On the basis of the equation of lateral equilibrium (6) as well as equations (7)- (9), (3)- (5), (11)- (13), the relative expansion of an interface may be found (Appendix A) with an adequate accuracy yielding the solution 564 The expression for the deformation work obtained by integrating (14) over the deformation value and interface area may be presented, with an account for (11)- (13), (15) [11] ). The most frequent cause of the occurrence of moments in a bilayer lipid membrane is a nonoptimum ratio of the numbers of molecules in the external and intemal monolayers. For the moments to be absent in the membrane of a spherical vesicle, there must be fewer molecules in the internal monolayer than in the external one [11] . In this case, according to equation (23), a spherical vesicle remains stable even if the osmotic pressure inside is lower than outside (however, still being within the limits defined by Eq. (23)). If the number of molecules in the internal monolayer is equal to or greater than the respective number in the external monolayer, the positive values of C° and C° occur in the vesicle membrane [11] . In this case, as shown above, the spherical shape loses stability even for positive values of the transmembrane osmotic pressure drop. The loss of stability should obviously result in the membrane caving in and, possibly, in the phenomena resembling the endocytosis of live cells. To maintain a stable spherical shape in this situation, the concentration of an osmotically active substance inside the vesicle must be high enough to enable the pressure drop to exceed the critical value (27). An interface with a small extension-compression modulus of elasticity.
Let us consider an interface whose extension-compression modulus of elasticity is small (EAA --&#x3E; 0). This is the case of interfaces which are capable of exchanging components with the environment in the process of deformation (an extreme case of such a system is an interface of two pure liquids). In this case there is a weak dependence of the values of all force factors on the area A of a part of the interface. Using equation (2) which relates the moduli of elasticity with the force factors and neglecting the area derivatives of yG, Ci and C2, equation (18) may be rewritten as As in the case of a non-expansible interface, the stability of a spherical shape is « for the first time » lost to a deformation which has a maximum wavelength. In the case of the deformation specified as § = 03BC + (1/3 + cos 2 cp) the constant term determines the variation of the interface area ; the contribution of 1/3 + cos 2 cp is for the bending deformation at a constant area. In the case under consideration the work of an exterior source applied to a spherical interface in equilibrium and to the environment during deformation is equal to Equation (29) shows that there are more chances for the loss of stability of a spherical shape of an expansible interface (EAA -+ 0) than in the above case of a non-expansible interface (EAA -+ 00 ).
An expansible interface may lose stability in two ways. The first is similar to the above case of a non-expansible interface. In the case of deformation at g = 0 for the pressure drop àP (between the bulk phase inside the sphere and its environment) whose value is less than the critical one 0394Pcr (1) the spherical shape of an expansible interface loses stability. The deformation for which stability is lost in this case amounts, as in the case of a non-expansible interface, to a flexure with the maintenance of the area (to an accuracy of the terms of the second-order infinitesimal for the deformation amplitude À). The deformation for which the system loses stability entails an increase in the interface area, which actually amounts to a sphere bulging.
The criterion (30) of the loss of stability of an expansible spherical interface is illustrated in figure 5 . The shaded area stands for the absence of a stable equilibrium of a spherical shape.
Both ways in which the stability of an expansible spherical interface may be lost are illustrated in figure 6 . The unstable equilibrium of the system is represented by the [15, 16] . In reference [15] the problem was solved within the Gibbs theory of capillarity for an elasticity-free interface of an arbitrary shape. Analysis reveals that for an interface whose moduli of elasticity and cutting components of the microscopic pressure tensor are zero, the equilibrium equation for the lateral direction holds only for the deformations involving a shift of every interface piece without an additional flexure. For this reason, the stability criteria were found only for that class of deformations [15] .
The results of the present investigation include an analogue of the stability criterion for a spherical interface [15] , viz. an inequality obtained for a membrane with a small elongation modulus (EAA ---&#x3E; 0) at which the spherical shape is unstable if AP &#x3E; Ap (2) (30).
Reference [16] discussed another extreme case, that of a non-expansible interface whose mechanical properties are described by using only the first-bending modulus of elasticity Ejj. The authors [16] did not use the Gibbs approach ; they proceeded from a phenomenological formula for elastic bending energy which was originally derived and discussed by Helfrich [17] . The interface was assumed [16] to be completely non-expansible and the conditions of a lateral equilibrium during deformation was not discussed. Besides, the authors [16] did not study the response of the equilibrium condition to the elasticity-related factors for the deformations including changes in the Gaussian curvature, and to the factors related to the cutting components of a microscopic pressure tensor. The findings of the present investigation suggest that the spherical shape of a non-expansible interface (EAA --&#x3E; 00 ) may lose stability if the pressure drop between the homogeneous phases is less than the critical value dP cr obtained by equation (22 Calculation of a relative expansion of a part of interface.
An equilibrium equation for the lateral interface displacement may be presented in the form of equation (6) . Substituting in equation (6) an expression for the force factors where only the first order terms of the magnitude of deformation remain, it is possible, with an account for equations (3)- (5), (8)- (9) and (11) Calculation of the work of interface deformation.
The work of interface deformation found by integrating equation (14) can be conveniently calculated by parts. The elongation deformation work is
The use of equations (11)- (13), (15) The integration of equation (Bl) over the angle dcp from 0 to 7r and over the deformation 8 À from 0 to À yields the following expression for the elongation deformation work
